ABSTRACT Four trials were conducted to determine whether conventional solid or elevated wire mesh flooring, during transport and holding of broilers prior to slaughter, influenced the number of bacteria recovered from feathered and defeathered carcasses. After 4 h off feed, 7-wk-old broilers were placed at commercial density into a modified commercial transport dump-coop on either fiberglass sheeting or 2.54 × 2.54 cm wire mesh flooring that allowed feces to fall through. Broilers were transported for 1 h and then held for 13 h under a covered shed before processing. Broilers were killed by electrocution, and the vents were plugged to prevent escape of feces. External carcass rinses were obtained twice (from the same carcass) from eight broilers per flooring treatment per trial, before scalding and defeathering and again after defeathering and removal of the head and feet. Greater numbers of total aerobes, coliforms, and Escherichia coli were recovered from feathered carcasses than from defeathered carcasses. Campylobacter count was also less for defeathered than feathered carcasses from the solid flooring treatment but did not significantly decrease
INTRODUCTION
Human foodborne bacterial pathogens can be introduced to poultry within the hatchery, in the growout house, during transport, and in the processing plant (MacKenzie and Bains, 1976) . The feathers and feet of broilers routinely contact feces on the litter in the growout house. During transport and holding prior to processing, the breast feathers and feet are typically coated with freshly excreted feces. Rigby and Pettit (1980) stated that contaminated feces carried on feet and feathers are important routes for introduction of pathogen contamination into the processing plant. Wakefield and Conner (1998) 
demonstrated that broilers transported and held in Salmonel-
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following defeathering of carcasses from the wire flooring. The incidence of Campylobacter-positive carcasses was reduced following defeathering for both flooring treatments, but the percentage of Salmonellae-positive carcasses remained constant. Coliform (log 10 6.20 vs. 5.63 cfu/mL of rinse) and E. coli (log 10 5.93 vs. 5.36) counts in the feathered rinses were significantly higher for the solid flooring compared with wire flooring, respectively. After defeathering, the number of coliforms (log 10 3.12) and E. coli (log 10 2.91) recovered did not differ between flooring treatments. Aerobic plate count (log 10 7.06 and 4.02), Campylobacter count (log 10 2.49 and 1.80), and the incidence of Campylobacter-positive (44 and 11%) and Salmonellae-positive (52 and 50%) carcasses for feathered and defeathered rinses, respectively, did not differ between flooring treatments. These results indicate that although broilers transported and held on solid flooring had noticeably dirtier breast feathers and higher coliform and E. coli counts prior to scalding and defeathering, bacteria recovery from external carcass rinses did not differ between the solid and wire flooring treatments after defeathering.
lae-contaminated coops had higher rates of salmonellaepositive defeathered carcass rinses (4.8-fold) than broilers placed in salmonellae-free coops.
Implementation of feed-withdrawal programs in the broiler house prior to cooping has been shown to reduce intestinal contents, thereby leaving less ingesta and feces available for potential carcass contamination during transport and processing (Wabeck, 1972; Papa and Dickens, 1989; May et al., 1990; Papa, 1991; Buhr et al., 1998) . Rigby and Pettit (1981) reported that 8 h of feed withdrawal prior to cooping reduced the amount of feces deposited in the coops by one-fourth but did not influence the incidence of salmonellae-positive cloacal or cecal contents or the level of salmonellae within feces. Stern et al. (1995) reported that the incidence of Campylobacterpositive rinses from feathered broiler carcasses increased Abbreviation Key: ∆ = change or difference. 34%, and the level of Campylobacter was elevated log 10 1.46 following cooping, transport, and holding overnight compared with values recovered on the farm prior to cooping. In addition, when broilers were cooped and their feathers were wet with water before transport, Campylobacter recovery from feathered carcasses increased log 10 1.32 compared with those that were transported dry .
A direct relationship between the bacterial level of cloacal excretions during transport and holding prior to processing and the resulting bacteria contamination of feathered and defeathered carcasses has not been well documented. The objective of this study was to determine if physically separating broilers from cloacal excretions during transport and holding, resulting in less surface contamination of feathers and feet, would lower bacterial contamination on picked carcasses.
MATERIALS AND METHODS

Modifications to Transport Coop Flooring
The commercial transport dump-coop we used had 15 compartments (three across and five high), and each compartment was approximately 81.3 cm wide, 114.3 cm deep, and 23.4 cm high; the coop was obtained from a local integrator. One end compartment was modified by overlaying the solid fiberglass flooring with 2.54 × 2.54 cm, 14-ga, welded steel wire mesh. The wire was elevated 1.9 cm to permit separation of cloacal excretions from the broilers. The fiberglass flooring in the opposite end compartment was also raised 1.9 cm to provide a standard compartment height of 21.5 cm.
Broilers and Housing
Four replicate trials (March and May) were conducted with 5-wk-old male broilers (60 per trial) that were obtained from a commercial farm, transported in plastic coops, and placed into two 2.4 × 3 m floor pens. Broilers consumed a nonmedicated, corn-soybean meal-based, pelleted grower diet (3,200 kcal ME/kg; 19% CP) ad libitum for 2 wk. The evening prior to processing, feed was removed from the pens 4 h prior to catching, but water remained available. Broilers were individually taken from both floor pens and placed into one of the compartments in the transport coop (24 broilers per compartment; approximately 387 cm 2 /broiler). The cooped broilers were transported for 1 h at approximately 80 km/h and then held under a covered shed for 13 h. It did not rain during transport or holding for the four replicate trials. The sky was clear to partly cloudy with air temperature ranging from 12.8 to 18.3 C at the time transport was initiated. 
Processing Procedures
Broilers were removed one at a time (a total of eight per flooring treatment and trial) from corresponding locations within each flooring treatment compartment and were weighed. Body weight was measured to monitor uniformity in body size and feathering and, therefore, provide comparable defeathering efficiency during picking. Two broilers (one from each flooring treatment) were electrocuted for 20 s, head to shanks, in a brine stunner with voltage set at 200 V AC. The vents were plugged with cotton, and the broilers were not bled to minimize potential subsequent contamination (from leakage of cloaca or crop contents) during defeathering or rinsing. Each feathered carcass was placed into a plastic bag to which 400 mL of sterile water was added, and the bags were shaken for 1 min. Carcasses were removed from the bags and hung on the scalding shackle line. Rinse liquid was decanted into sterile containers, and bags were discarded. Two broilers were scalded together at 56.7 C for 120 s in a scalder containing approximately 2,000 L of water and then were individually defeathered (Gordon-Johnson 2 single pass picker with five banks of picker fingers) for 30 s. The picking unit was sanitized with hot water (80 C) and cooled between carcasses. After defeathering, the head and neck were removed with care not to sever the crop. After removal of the feet at the hocks, the carcass was placed into a new sterile plastic bag, and 200 mL of sterile water was added. The carcass was again shaken for 1 min and removed from the bag, and the rinse sample was poured into a sterile sample container. The transport coop was sanitized after each trial.
Bacterial Analysis and Enumeration
Serial dilutions of the rinses were prepared in 0.1% peptone (Difco).
3 Aerobic bacteria were enumerated by plating serial dilutions on Difco Plate Count Agar.
3 Plates were incubated at 37 C for 18 to 24 h, and then colonyforming units were counted on plates with 20 to 300 colonies. Results are reported as colony-forming units per milliliter of rinse.
E. coli and coliforms were enumerated by transferring 1-mL serial dilutions of rinses onto 3M Petrifilm 4 and incubating at 37 C for 24 h. E. coli were identified as the blue colonies closely associated with entrapped gas, and total coliforms were enumerated by counting the red colonies in addition to the blue colonies closely associated with entrapped gas.
Presence of Campylobacter spp. was determined by transferring 0.1-mL serial dilutions of rinses onto Difco Campy Blood agar (Blaser) 3 and incubating plates at 42 C for 24 to 48 h in BBL GasPack System 5 with a BBL CampyPakPlus envelope. Colony characteristics and microscopic examination were used to evaluate plates for suspect colonies that were confirmed as Campylobacter spp. with INDX-Campy (jcl) 6 culture confirmation test. Presence of salmonellae was determined by preenrichment of 100 mL of rinse with 100 mL of double strength Difco Selenite Cysteine Broth 3 for 18 to 24 h at 37 C. After incubation, 1 mL of suspension was transferred to 9 mL of selenite cysteine broth and incubated at 37 C for an additional 18 to 24 h. A 3-mm loop full of suspension from the selenite cysteine broth was streaked on Difco XLD agar 3 and incubated at 37 C for 18 to 24 h. Salmonellae-like colonies were transferred to Difco Bismuth Sulfite agar 3 and incubated at 37 C for 18 to 24 h. Salmonellaelike colonies on bismuth sulfite agar were confirmed with biochemical (Difco Triple Sugar Iron Agar and Lysine Iron Agar 3 ) and serological (Difco Bacto Poly O Antisera 3 ) testing.
Statistical Analysis
Differences in bacteria counts between flooring treatments or rinse sources were tested by analysis of variance using the general linear models procedure of SAS (1994). Eight broilers were used per flooring treatment for each of the four replicate trials for a total of 32 broilers. Rinses were obtained twice from each broiler, prior to feather removal and after defeathering. For all analyses, significance was determined at P < 0.05. Sources of variation in the model included main effects of flooring type (wire or solid), replication (four trials), and the flooring × replication interaction or of rinse sources (feathered or defeathered), replication, and rinse source × replication interaction. The interaction was significant only for aerobic plate counts from feathered rinses, and the interaction term was used as the error term for that analysis. The incidence of Campylobacter or salmonellae-positive carcasses, between flooring treatments or between feathered and defeathered carcasses, was tested for significance using chi-square (Ott, 1988) . Pearson product-moment correlation coefficients (SAS Institute, 1994) were determined among all bacterial counts for feathered rinses and for defeathered rinses. Additional correlation coefficients were calculated between feathered and defeathered carcasses for the four types of bacteria.
RESULTS AND DISCUSSION
Body weight, postfeed withdrawal, for broilers differed by <3.2% of 2,390 g (76 g) between the two flooring treatments within the four trials. Broilers transported and held on solid flooring had visibly dirtier breast feathers and feet compared with those held on elevated wire mesh flooring (Figure 1 ). In addition, the feathered carcass rinses from broilers held on solid flooring were also noticeably more opaque and yellow than rinses from broilers held on the wire flooring, which were light brown and translucent.
Total aerobic bacteria recovered was consistently greater for feathered than for defeathered carcasses from broilers transported and held on solid (∆log 10 3.07) or wire flooring (∆log 10 3.01; Table 1 ). However, aerobic plate counts did not differ significantly between the solid and wire flooring treatments for either feathered (log 10 7.17 and 6.96) or defeathered carcasses (log 10 4.10 and 3.95), respectively (Table 1) . These results agree with those reported by Lillard (1990) and Geornaras et al. (1997) , in which carcass aerobic bacteria were reduced after scalding and defeathering. Notermans and Kampelmacher (1975) detected a reduction (∆log 10 3) in aerobic bacteria, E. coli, and Enterobacteriaceae following scalding at 56 C for 2.5 min. However, they concluded that the reduction was caused by the combination of heat killing and physically washing off of the bacteria during scalding. Geornaras et al. (1998) reported a shift in predominant carcass bacterial isolates from Gram positive before and after scalding to Gram negative after defeathering. The predominance of Enterobacteriaceae after defeathering was attributed to fecal contamination during picking or contact with feces on the dump chute during transfer from the killing line to the evisceration line. Patrick et al. (1972) reported that skin surface aerobic plate counts prior to scalding were elevated following longer holding periods (afternoon samples) compared with morning samples. However, after scalding and picking, the previous difference in aerobic plate count among sample times did not persist, consistent with the results in this report. In contrast, Renwick et al. (1993) detected a positive correlation (r = 0.46) between eviscerated carcass aerobic mesophilic bacteria and the total length of the crating and holding period (3.75 to 16.5 h). The length of the transport and holding period was held constant in this report at 14 h.
Coliform and E. coli recovery were repeatedly greater for feathered than for defeathered carcasses for both solid (∆log 10 2.95 and 2.91) and wire flooring treatments (∆log 10 2.64, and 2.56), respectively (Table 1 ). In addition, coliform and E. coli counts from the feathered rinses were 0.6 logs higher for broilers transported and held on the solid flooring compared with broilers on the wire flooring (log 10 6.20 vs. 5.63 cfu/mL of rinse for coliform and log 10 5.93 vs. 5.36 for E. coli, respectively). However, after defeathering, the number of coliforms (log 10 3.25 and 2.99) and E. coli (log 10 3.02 and 2.80) recovered did not differ for broilers transported and held on the solid or wire flooring (Table 1) . Bacteria reductions of log 10 1.6 for Enterobacteriaceae (Lillard, 1990 ) and E. coli (Notermans and Kampelmacher, 1975) have been reported following scalding and picking. These results suggest that the majority of coliform and E. coli that are carried into the processing plant on the carcass surface (feathers and feet) are removed during scalding and defeathering. Campylobacter counts were lower after defeathering only for broilers transported and held on the solid flooring (∆log 10 0.75). The smaller reduction for broilers on the wire flooring (∆log 10 0.64) was not significant, mainly because of absence of recovery of Campylobacter from defeathered carcasses in three of four replications. Zero values were not factored into calculated Campylobacter counts but were considered in determining the incidence of Campylobacter-positive carcasses. Campylobacter counts also did not differ between the solid and wire flooring treatments for feathered (log 10 2.74 vs. 2.24) or defeathered carcasses (log 10 1.99 vs. 1.60; Table 1 ). Stern et al. (1997) reported no significant reduction in Campylobacter recovery following scalding and picking. Those broilers were not held after transport (1 h) nor were vents plugged during picking or rinsing to prevent recontamination with cloacal excretions. The incidence of Campylobacter-positive carcasses in the present study was significantly reduced following defeathering for both flooring treatments. However, the incidence of Campylobacter-positive carcasses did not differ between the solid and wire flooring treatments for feathered (46.9 vs. 40.6%) and defeathered rinses (9.4 vs. 12.5%). Campylobacter recovered from feathered carcasses has been shown to increase following transport overnight (∆log 10 1.46, Stern et al., 1995) or after wetting broilers with water and transport for 1 h (∆log 10 1.32, . However, following defeathering the difference between carcasses that had been wet or remained dry was not significant, ∆log 10 0.68. Oosterom et al. (1983) calculated a decimal reduction time of 1.8 min for Campylobacter suspended in chicken intestinal contents and placed into water at 55 C. This temperature may be obtained on the skin surface during immersion hard scalding (55 to 60 C). Dickens et al. (1999) recorded subcutane- ous temperatures from 46 to 56 C with immersion scalding at 56.5 for 2 min. Higher subcutaneous temperatures were attained using a higher temperature spray scalding system (41 to 55 C at 65 C and 44 to 62 C at 70 C), although the duration of scalding was only 60 s. Apparently Campylobacter on feathered carcasses can be significantly reduced by scalding and defeathering when recontamination from cloacal excretions is prevented. The percentage of salmonellae-positive carcasses (following rinse preenrichment) remained constant for both feathered and defeathered carcasses and for both flooring treatments (41 to 60%; Table 1 ). The incidence of salmonellae-positive carcasses did not differ between the solid and wire flooring treatments for feathered (59.4 vs. 43.8%) and defeathered (59.4 vs. 40.6%) rinses. Lillard (1990) similarly reported that salmonellae recovery did not significantly change from prescald (19%) to postpick (12%) when sampled in a commercial processing plant. Rigby et al. (1980a) clearly demonstrated that transport in salmonellae-contaminated coops resulted in increased salmonellae contamination of broilers entering the processing plant with the salmonellae serovars isolated from the coops. Rigby et al. (1980b) later documented that the incidence of salmonellae-positive feathered carcasses increased from 42% pretransport to 93% following transport in contaminated plastic coops. Wakefield and Conner (1998) demonstrated that broilers transported and held in salmonellae-contaminated plastic coops resulted in increased rates from 20 to 95% of salmonellae-positive rinses from defeathered carcass. Evidently the incidence of salmonellae-positive carcasses is not reduced following scalding and defeathering despite preventing recontamination from cloacal excretions in the present report.
Correlation Coefficients Between the Levels of Bacteria Recovered
Correlation coefficients between the levels of bacteria recovered from feathered and defeathered carcasses were generally low (r < 0.4; Table 2 ). However, the correlation coefficient between E. coli and coliforms was r = 0.97 for both feathered and defeathered rinses. This high correlation coefficient exists because most of the coliforms counted were E. coli. The low correlations between aerobes or Campylobacter and coliform counts or E. coli counts indicate that the presence of one group of these bacteria is not an accurate predictor of the presence of other types of bacteria. These low correlations agree with reports for poultry carcasses and further processed meat (Brant and Guion, 1972; Norberg, 1981; Vorster et al., 1994; Kotula and Pandya, 1995; Cason et al., 1997) . Furthermore, correlation coefficients between feathered and defeathered carcasses for the same type of bacteria were also low, r < 0.5 (Table 3 ). The absence of high correlations among the numbers of bacteria recovered from feathered and defeathered carcasses suggests that the presence of bacterial populations on carcasses are independent and that predictions of defeathered carcass bacteria level based on feathered carcass bacteria level may not be reliable.
The results of this study indicate that the bacterial load from feathered carcasses is reduced (∆3 logs) by scalding and defeathering. Although broilers transported and held on solid flooring had noticeably dirtier feathers and higher coliform and E. coli counts (∆0.6 logs) prior to defeathering, bacterial recovery from external carcass rinses did not differ between the solid and wire flooring treatments after defeathering. These results suggest that elevated microbial load on the feathered carcass at the time of entry into the processing plant does not necessarily result in a significantly higher carcass microbial load after scalding and defeathering.
